electrode are reflected and second, due to its high permittivity, an electric field is generated in the capacitor. But on flexible substrates (i. e. fabrics) barium titanate decreases the bendability and flexibility. Therefore other additives had to be found. In this work titanium dioxide was used in small amounts in combination with sheet silicates in polyurethane binder. Titanium dioxide is the most prominent white pigment with a high refractive index whereas sheet silicates are known dielectric components [8] .
This insulating layer is sandwiched between two electrodes, whereas at least one must be transparent in the visible range of the electromagnetic spectrum. Transparent conductive films (TCF) are needed in light emitting devices. Suitable materials for TCFs are indium tin oxide (ITO), silver nanowires, carbon nanotubes, graphene, and poly(3,4-ethylenedioxythiophene) (PEDOT) in combination with poly(styrene sulfonate) (PSS) [9] [10] [11] [12] [13] [14] . All these materials show sufficient transparency and electrical conductivity in thin film layers. To further enhance conductivity a combination of these materials is also possible, e.g. carbon or silver nanowires with PEDOT:PSS [15] . Conductivity of PEDOT:PSS-dispersions on textile substrates has been widely studied in the past [16, 17] . The counter electrode must not be transparent; therefore a vapor-deposited thin metal layer is the simplest arrangement. With this set-up a reflection of light emission towards the counter electrode can be realized. Also, counter electrode materials based on carbon, like graphite polymer blends, or combinations of metal flakes and insulating polymer binders are possible [18] .
The luminous emittance depends on both the voltage and the frequency. Usually, ACEL-devices are operated at a voltage between 70 and 150 V, the frequency is varied between 400 and 2500 Hz, whereas higher values for either voltage or frequency mean a higher light intensity and a reduced life cycle.
Experimental
General procedure. Coatings were performed with a knife and gap size of 55 µm on a Mathis Labcoater in warp direction. The coatings were stepwise applied and dried for 120 s at 120 °C. In a last step the whole device was tempered for 60 s at 150 °C.
Chemicals. PEDOT:PSS "Clevios S V4" (Heraeus, Germany), polyurethane dispersion "Tubicoat MEA" (CHT R. Beitlich, Germany), luminous particles "GG 45 Glacierglo", (Leuchtstoffwerke Breitungen, Germany), Helizarin White RTN (BASF, Germany), Tubicoat ELH (CHT R. Breitlich, Germany). The luminous particles were coated with an aluminum oxide layer to protect them against moisture. All chemicals were used as received, except for Clevios S V4 and Tubicoat ELH, which were vigorously stirred before use.
Substrates. All investigated substrates were woven polyester fabrics. They were kindly provided by Schmitz-Werke, Emsdetten, Germany. Table 1 shows the characteristics of the used substrates. All substrates are plain woven fabrics. Preparation of dispersions. Luminous layer: 6.00 g luminous particles (GG 45 Glacierglo from Leuchtstoffwerke Breitungen, Germany) were mixed with 8.00 g polyurethane and 1.00 g deionized water. The reflective, insulating coating was prepared by mixing polyurethane dispersion with different amounts of Helizarin White RTN to give coating dispersions with 2.50 %, 5.00 %, 7.50 % and 10.00 % pigment. All other dispersions were ready-to-use chemicals.
Coatings. In a first step, the substrates were coated with polyurethane dispersion to avoid any capillary effects in the following preparations. After drying, the front electrode layer PEDOT:PSS 74 7th Forum on New Materials -Part D was coated. In the next step, the luminous dispersion was coated twice in a square shape (10.2 cm x 10.2 cm) followed by a dielectric and reflective layer. The reflective dispersion was also coated twice on the luminous layer. Afterwards a 10.0 cm x 10.0 cm square was coated three times with Tubicoat ELH on the reflective layer. A 1.0 cm broad bus bar was coated three times in a distance of 2.0 cm around the luminous capacitor with Tubicoat ELH. Characterizations. Scanning electron microscope (SEM) images of coatings were taken with a TM 3000 from Hitachi. In all measurements the acceleration voltage was set to 15 kV. The SEMdevice was equipped with an energy dispersive spectroscopy (EDX)
Results and Discussion
In contrast to ACEL devices on rigid substrates, ITO is not the electrode material of choice, due to its brittle character. In this work PEDOT:PSS was chosen as a transparent front electrode material despite its blueish color. A ready-to-use screen print dispersion of this intrinsic conductive polymer is easily applicable with knife coating systems. Nevertheless, it must be mentioned that textile fabrics show unneglectable capillary forces. These effects can be minimized by a pre-coating with a polyurethane dispersion.
The conductivity of PEDOT:PSS depends on the nature of the substrate surface. Each fabric was pre-coated with a polyurethane layer to smoothen the surface. But as shown in table 1, the conductivity ranges between 140 and 300 Ω sq . The resistance of the front electrode does not play an important role for the luminous emittance. The resistance of the front electrode on fabric 2 is drastically higher than on fabric 4 (300 Ω sq compared to 175 Ω sq ). But the luminous emittance of an ACEL-device on fabric 2 is higher (see table 2 ).
The conductivity of the front electrode is technically limited due to the fact, that a thicker and therefore more conductive layer leads to less brightness and a bluish color of the emitted light. The light emitting layer is built of zinc sulfide particles. Stimulated by an electric field these particles emit light depending on the dopants. Because of the particle size of more than 25 µm this layer must be significantly thicker than the front electrode. The luminous particles are not completely embedded in their respective layer ( Fig.1 (2) and Fig. 2) . Especially, this fact can be seen in the SEM-EDX image (Fig. 2) . Tubicoat MEA, which is used as dielectric, is a colorless polyurethane dispersion for textile coatings. It contains sheet silicate and acts in capacitors as dielectric layer material. After coating the dielectric layer the luminous pigments are fully covered ( Fig. 1(3) ). 
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The counter electrode material is a highly conductive carbon-containing polyurethane dispersion. A Sheet resistance of less than 10 Ω sq was achieved. SEM-images of all layers are shown in Fig. 1 . The luminous emittance of this built-up is rather poor. Even on the thin substrates 1 and 3 only a luminous emittance of around 150 lx was achieved (see Table 2 ). Only photons emitted in the direction of the front electrode are coupled out and contribute to the luminous emittance of the device. A known possibility to increase the luminous emittance of ACEL-devices is the use of a reflective layer between counter electrode and luminous layer. In case of ACEL-devices on films this layer contains of barium titanate. But on flexible and bendable substrate such as fabrics this material cannot be used because of its stiffness. Another commonly used white pigment is titanium dioxide. For textile finishing, it is available as pigment dispersion under the tradename "Helizarin White RTN". The polyurethane dispersion was blended with for different amounts of white pigment to insure smooth layers after curing. The results of the luminous emittance are given in Table 2 . By increasing the amount of white pigment in the reflective layer, the luminous emittance is increased. The effectiveness of this phenomenon can be seen considerably better, when a fabric with a low surface weight is used. Choosing such a substrate, the luminous emittance can be more than doubled with 10.0 % white pigment dispersion in the reflective layer.
The luminous emittance depends strongly on the nature of the fabric: Heavy and dense woven fabrics (No. 2 and 4) show decreased luminous emittance, whereas the luminous emittance on thin fabrics (No. 1 and 3) reaches 362 lx with 10 % white pigment dispersion.
Summary
In this work, the luminous emittance of textile ACEL-devices with green luminous pigments was investigated. The results of the luminous emittance show two factors, which influence the brightness of those devices. First, the fabric itself has a great impact on the emittance. As expected, the luminous emittance on fabrics with low surface weight and low yarn density is much higher than on dense materials. A second factor by which the luminous emittance can be improved is a reflective dielectric layer. With 10 % of white pigment dispersion the luminous emittance can be doubled. The use of the pigment dispersion is favored compared to the white pigment itself, because the use of the latter leads to more brittle and less smooth layers.
A clinical trial with electroluminescent textiles for bright light therapy in the treatment of SAD is in preparation. In the planned trial the use of a textile ACEL-device will be evaluated regarding effectivity and acceptance.
